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Swelling evalution of clayey soil for Diwania city by
various physical properties

" ' I r, Khalid Waleed Hadi

; ' Abstract

distribution, Atterberg limits (L.L. &P.I. ) & Activity of soil )for samples taken from
boreholes drilled in the study area which covered the most of city Quarters .

The Testes results shown the difference of physical properties values
Horizontally and vertically because of the change in factors & conditions during the
precipitation process.

Therefore the free swelling ratios which calculated by these physical properties
were changed too, It can be used the (P.I.) in calculating the swelling of the study area
, it was a clear relationship between them. While the relationship was weak with clay
ratio that's denote to the swelling of soil in the area depend on the Quality of clay
Minerals , but not on The ratio of clay Materials .

The low ratios of swelling were recorded in (Dhubat)&(Al-Imam Al-Saddiq)
Quarters especially in (l-2)&(5-4) Depths, while high ratios of swelling were
recorded in (Al-Oruba)&(Al-Jazaeir) Quarters for all Depths.



LrL-1
drr!-9j\!l 4+Jl.jJ,.i 6rLc ,re3 ,ill+ l.€J+tj $c l-F+- rl.:;.r:Jl{Jnl WU ai-6j^ll 4+Jill .iF

t-t *i-: ,,,i'{ cJl ,JS+ L- %100 4+*r d;c +JJ cr-pll dr tdl lrd ,+Jl ;-:t;j .tl . c+UA-ud-dl -ll
aAiii^ll c.Jrir d erto +ps6Jl (.lst i^ll Je-LiJ L$^ll cri.l,^lt u*l (.5lc _,,iSl rl ( 20000 psf )tbr+

tarlr;t-l i ,., _l kJlc Ltill AJ-.jdl oll*lt L:.' ,-'-'i 6$:Jt ou Olrii ab 4iililiil l+l q'iill

. [1] o*,Yt,Jc !Ji-:ll +l-r.,Cul!: r+Jl;r!-.13 etJl u''t'oi'Y

t)$ -.LL ( 2 )+ CtJt C,," iili-o el-jl .J \ylt ctiijl le ii* q5$l als-*ll -)l*a)l iilS JJiii
r!-9 ;.-Lc)l:-ist)l crl-16J13 6Ur .' Jill rP a$l -,l ';)l A"+ Ct+-r" .9FJ' .fi !Jj- .FXl

.Jl ,'!- kp'l-dl+ 6El)l-l cf-rb^lt ,:lS.r,i-e i+JJl cs-,rlll: q+oll 'gl<"'\l.l:ti d -lll;yt o.ra dljS;i

rJ^ dr UCI lra i &tJl tliii)l 6)4J t2] l-eils 3l!.r o^c ll +;ssi Ut ,ra;;l3Jl 6e dill oia i'';.rt

1++^- il-i,-lir.a ,Di ol-oll _23;,o, e*i .=.:ll3'r.iUJl C+SJill crtr 4+tjl irUli.'+t Jt +_,,rll

. [3] OrtJt ora ,rlc a--ljLJlqrlt e+- d 6)!jt g-1ti' ll u\'ri

el_.p,1 ,rJe u*L-Yl i+:JLl r&i'olllll DrA e#6il;'.'.jl^ll drt^JJlrjlo dJ,.--llA;l^c rJl

+;Ilit-ii:lt d^1,. ul.r!,Jc {ij.Fll3 ip:'elt_14$r'.jl ol-js'ilts i.-.;ill i.rr':. crL,.--5s's

oull ,r'11..i3-l-1r ef kJ' rl-icYl e+- e.ll-r iJpiL^ll J;c dlJl ,-J' 4.Sr ( swelling pressure )
. a;-,;,lll aUijl d:"n _.riSl :l i-r_;lJ ir=te a+-1..r.lo ..i":

site of the study are i*"trSt Ai}u" S-r" -2

Cf o+lt_l JlJ,Jl-t-J er3,.,+ drt-tiLsr.9.:-l g+-r 4r'ilJdil aliil- 5-r a+l*.Jl 4+J^ d a*lJJlaiLL

s ( 44 51\ 06\\ ),bt .++ 6.rrr i-l;rlt ii'tnl (S 180 +r Jl+ ++- .l^ '-U'i+ll Jl
. (z:l)CCs,.ill d ci-,r lx (31 " 55\ 46\ ) : (32" 01\ 1 1\) *- tr'.s (44 57\ 50\ )

the aim of the stydy i*"trSt iJ^'i{ll -3
a-lJJlai.!.l",re 6-$tJli."ji1Jill 4;i;tlltfll it$lt ep:o a*lJJl oJA g.o upL-Yl ,r-"ll Ol

dr).:'-3,'-'J & ,-j-,1,.ill i:- k*Ut .J' dl: q;r,ll4iu$l ci^-Fill elJ+l JiJt cl' dili:

. 4+.^Jl +-f q=+ !l aulj)l

l*,,t-;St ;iLj" 4F..dSJf-.l-g !-JJr+ -4
,',-r _,,Eal 7-5 U 611_A,j^' Jl .r3.o3 OCI a;.t--,r 4*-,'i;r;t crtiJ'r 4+lJc$la+r" q-!, u"s

dt-l &_l acJii^ll i;itll crli-tLll C" +l-ill+ -';".i^..j qrill3 4*Jrll i.Lrll qltitL\t Ql: g,.;Yt gl"-

,rlc orlji-Y qJS: Jlll pl*ll e.:r'l qfu 61113 (flood plain) ;r;Jill gl6Jl crtt''; cJic,ra: ailji"

'-c' ,rJl qrllJ+Jl ,t',#r:Jill .l6JtiLl rj,'i3 ol;ill3 i\r q;-l61 dr Js ks-l. 4= cibr--,r

. t4] .=Jl!lor-r-!l ;[*1t etirjs e$l cr r'+ J{r lrl6a--;-:)r'Jl

a# 6)-)1 4+J 4J=u: a+*nlt o!^I udLYl Jr*ll Jr6+J  "dlJ+Jl\:^J.-3.J 
iJsJl J6-r -,;*JJ

.  [s]  (p.p.m.1088)

f,iiu,,ll clt J-,1rJl -g
ij$j.-ll 4+-s6Jl 6_11-i"Jl eLi,il $o .iull g',,ri4tll re e il:l Cl dELi^ll rF i3iil^ll !-lill +i'l

..l;ill 6Ue k# t-r,_,r.r dl_l t6] lalJ+l q5illA-lJJl kr" ",rS$l l-e--o.air ciL*lJJl c!$ri3 d.c9!i '''J'
-,:UjJl 

,rb rwsYl i_l Ot:'lt!-l d cLtil^.glj d +>ll '+C aEij)l ,i)r,-3 aiiii^ll

ua dsLll{ pG L Jle-iL-bl4,6t ii)l crlJ+ii-ll dCl }}lt k+ etr dl {-ill 6!J-i -HJliil6yli^ll

. ali.li. -p3 iJiJi- erb,-J'l ailii-.J. -L-L auijYlli.:J ,Jt iti:i)J i!l-J=A

crl-j+il1 ol-pL pt!,'!- ilsll 4+r.,J a4Ht .;yll aEijYl eFcJ-n i-l;r [7]c;51 lx

Jl dstJl d;}J ai-tj.ll q5-E abij)l rrit-4i,+ -ij-cl .t ! !-ill4+.*ill {p.*ll_r aij-!ill

sr tliiiYl #;$ kDi.l p: il:t'..jliiiL eti l-s a\iii)l q/ 6JiCl ,J^l'l'll 0# a-rii.:i"j 
f.j
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4,,ilJHJl a;"t; a+-,;;r. ir' i,a$jl ellJl J! l+ b$-lr 4+ilJd$l ++- C-ri thJr : (l) rJSilt
. (200s)

ejylll ot".lr guill &t .r etrij)l d$ *+, arJil ttieil ,*f sjdl d"lJ'll g^ ioj'.; t8l ,JL

Jl drsl+ll &-fr a5;Ht uJtJlr (P.I.)r (L.L.) r (CEC) dy)t drt$ll i,-r ,.-Jl e+J+.lt
dt t4l+ eJ. Ut tlliiyt fuLt! st5 fur3lt r.r-3a T-;c r9rllt -oJJSJ^II d^lCl .rJo sLcso)b !-rlll' ttt' i

(EC > l5cmol kgt), (L.L.= 70%):%60c- k# 0$11 1+*'a+*'+>
.(Montnorillonite & Vermiculitp) *t l++i'or3tJl 6sUl3

er"tJl -tt-J)l ,e d.-t-tt +!":r!13 iiU+I ieJ'i3"c d+rJ^t €-lij uL-l -t*l- .slo [9] &l

0" arl. t" fu .FfulJl !-rill crLt ". Ll^3 | alrul sl3*ll gial;A fr$ ,;uJt O' esfii^tt -,J.IS
itirrjl ol;^ll ,,,-.,,-';gib te . E-U cl-Lr k't'x s" 6li:i)1+ tFA fu-,rli"-t 1+;r+ut +>ll ) ObtYl

,rt-l .rJ" 4Jj+. a-,J fr)LJl.; A..4li dr)rh-o ,iELit+ er.rLll el^!J c.l.t^lt i1c l+iLill crl-rta;)|3

. *,,"_;l: O9t!

i3i:.i"tt .-r.=!Jl r-irri.a: ,-#I#l -6
: .J.J- cf"*:"f .y'f

6sls l4tai,i it;,au * $u 6ill q3l"ll -1
. arl" lill ,rlfll grr-l i;iJ,'." st ,3c')l S er. xbYl l.u oS

tl0l O" , (1) furb-oll(r9 t s (L.L.)i&J''ll rr .a

(1 )

a

S = 3.75* 10-a,t L.L.2'65E



. ,*.-rll lrA i (S1) -Fj! (l) il.rl--ll ora dr^ er_r,.-ll (S) >ll at-iijyl Jt -*_,u_r

[11] d -,-6r"ll_r (Seed etal. ,1977 ) ,e (2) fult|.I qj r.s (p.I.) fu3St .prr. .b

S= 60K(p.I.1zee """""........(2)

(3.6*10-s) ai^rI- j'-'i15 : (K) .is
.,',^,,11 liA .J (S2) -*-tl+ (2) iJiJl orA rr. c_r-*".-Jl (S) tsJl irri:VrJi_r*,

4Jl+jF q,.S ir" Jist,F r.j+ 6lll r-r..d-yt _2
tY, 

q;tt aliijl L-ld u\' r c!3-i +'+- 4+Jill Ly.iL-i g* i.:=t_9 ir-r.. *1, .t^.,rvi d,'
..+ qJrlt gr-al_9s r.l" i_r-t_i dJ. JKI e.+l eq.r 6)_i-s-o 6;,s i-!.r JlSl dls+,_fSlf "ra ,,lc .iljll

. J.s,9o. i.,i. 'l ,-JAl
.rllll i.r-,:3 (Act.) 4t-FJlqltd & .rA)r tre !-ill JAll -Lijjyl i#l # .Uc.:,r a: S,

. t12l i 6Jrsr^ll (3) aJrtJt 9r.,,=r LJilt q/ 4;rrtll

S= K* Actz.aa * C 3.44 """"""""'(3)

P.I. ,g:l-i: lJill qlLr *+ : Act sl ,.,.r--T-

a;5uul .ll3,.Jl i-r-,: ; g

.,',- +!t r.:r ..+ (S3 ) r"jr+ (3 ) il.:'r * *,.31 T;?tr,fl j
(J,.rlt dfJh -7

field work slisjl dhdl - 1-7t-*"Yu: ( 5m ) J^$r.44r"ll q lF gl.ln ;>,ic d !-r$ir r,- (10) +s oJi.rr sL-lr c*.-bi
o^ !J'll elh,-Jr cJr,-.jt, i-r sl4sJ+ll ol+.Jl er-rr^ oiy3,g_9qlr ;J.or.:..i"-r-* -*:r.+sl-.ril1 cl*.;;l ,6;J J=6i.ll Jt rrti.r 4S$-\ ( crlSf; *U.it- ,.t''e -.. -l_l iiti^lf Jl^ryt

. 4+ \,ji_Jl

dJ{3i.lf dAAl -2-
: air..i" qr* TK dt, il-sj*"ll CjL.ilt .,lc' "+Vi 4gqtt €t -J,=ilt ot,;J iASTM ) iil a,13 i5;,"Ytai-r.rlr dj+lr !6i ei -. tltt sj+sl .#JFJi gjs'.lr -

o.r-o 6.,Li-i3 (200) dt+Jn ,ilo rl.i^ll eLJl+ 6iLoltj;"r[13] (D422 -O:, eSifr4 D42l_Sg
. (l) dFl^ll q,s a-:.:J cl-j.rill

A---hJ drL.Fill orA CiEjJ tl3] (ASTM D_431g) ii.-lJ,"lt ;J i ujf ,_ : d+"._il .l3.rr _

L"l-i! e.t-ll 0" iilji- 6L-y: t+iiia_tJJliil

(e r-0) d-r, tLsr| ayJrn3 ++ws' gn|3Ar -d'f,*i,ifi-t Ii]#
6s Ll e -il!l C_r,l (%62) Jt Ucilt C_r.d (%15).*, u+t! +,-r-lii;*,fr ..,-r';

o# (P.I. ): >l*llc"r.t' (%62) 4+ulr .tJrlt i-r e (%32)cr+ c,-rr; Jii(L.L.)
. ;.r1":rilt C_r d (%32) tl crl;ilt i_r e (%16)

4^aejll i-r e (1.86) Jl ers_eJt i_r e (0.3r) u# dr.:3t).ii (A) a+jr aJ[d.+-rtt-,.,
Lr# (S2) #,",-:l-i l-+. _il-iJl C_r d el.7I )Jr crt;ilr € e.7) dls S1 #,-,-:l-r,_rc,lil g-r e k4-** ;rt (S3) # dJ*rr lrLu'tl ir" +i f Olf l ;r err* g3* + A.ti

. L.rvll C-r d( 10.7 )+tJ: (0.45) 4+$
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a*lJJliitj^ d 4+Jtrli. )l I il-r uJ+J : (2) dsill

cr).lJl ,fi d){:i.)l Jt ,s-FJ,4l\J'riDl3l Jrll tliii)l # q'i djil Csls dS&ls\
.f$ o5a 9.. a.tS erf'"- d lli.l.tll ei" U$l

siXil ir ftJlt+ 4jl Jl JH.f,i ["" ei)Il c.r)rUle I tESi)J pS o.r!51 crl-,fll iiti" sJeElJ
fu_,ji. .rio er..'ill a-ls- Ull ir 4isl-f. J$'S ei.ll ou i.1l )l tUni)l ......i qrG €s eJ.:hll dl).lJl #

. i*lJJlElL d a$i.ll it_rlt dx+ t{.*e

(12-1) d.dt ttl3lJl crYrrs is, t;Ett u€lJA! I'r:$13 taldl #tt -Z-t-S

irri (P.I. )l l,;yll C.r d (%65 Fll lt+^.bll i:" + (%35) or co-rl-r' rii (L.L.) #
. q-,-Fll i.r + (%33) Jllu:ll i-r e (%12)

;'-lll i-r,J (1.3) Jl slJill Cr^ d (0.43) dxi rl-r'$i (A) qjll i+lt'ij a-l*ilL.r

(S2) # ,',-rli t-+. i,.-r-plt Cr^ d Q4.7 ) JllLLbll i-r e 9,7) U S1 # '''-rljr

C-r d btde..- ;lt (S3) # '''l' $ i..:*ll i-r + (10.9 )JltL.:Jl Cr" d (0.92 )d,Ji
. g-.;S.-.lt Cr^ d (7.06 )a+uJj (0.23) aiiii.tL.:ll

cr).lJl d ,-i)ii')l Jt .sja 451 k++ h$ ai$l| aEsj)l $*, .J siDii.l e.:l9 t5+ }s\

. cr).lJl ora cJ. clS ,-rl,^-,j ililJl ai" U$l
i,1" f"jl-r 4jl Jl )r.t{ U^ Ai$ll o)sL.l!3 !l tliij$ # "+rl 

-tL;ll eiti. cr;r+El-r
ol$'-ll ,"I- il aiilJ5^ J$J eJCl o.:l Ul )l tlisiYl 6;s er. l-"=,r9 ilihll cl).lJl # ,-i)iil

. a-lJJltitj.,,j ajlij,.ll el9"ll dxi k-"Js fu-,;ti..trc a,:-$l cr$Jl-l



r (4-3 ) d,.dl tLisJyl {3Yea3 a.j" l-j"iHill spl$ll t+j$lJ lhll C$ll -s-r-s

p,;s Ll c crl-pl g-r C (%65) Jl Jilj+ll C-r,/ (%10) O+ Odlll ar"rill a!'ill '"'-:l-F

) I c,l:rsll C-r,J (%60) 4Jlr!-';ilr Jilj+ll e#r^,J (%33 )dr+ (brly Jii (L.L.)
. crl_,$l C_r d (%36) Jl Jilj+ll C-:^.=J (%20) o# (P.I.

ilj+ll C_r ."J (2) Jl !b' tt C_r ./ (0.39) cr* ,-'-:l_F .ii (A) !-ijl ULriI i.u,ill,_r

(S2) #,''-rlj L+. cilriJl C"r,/ (19.9 ) Jli.ri.:lill C*r d Q.92) d)+ S1 # c''=:l-r,-r

)+t4 ei.:ull c+ (2) dr# (S3) # c.,-:ly-r crl-ll g-r 6 (13.5 )Jl ,lrrjJl C-r d (4) d,r#
. qlll C-r ut' (14.93

(f 5-a ) ,J'.r!t elt3Jyl d.rYrr3 4#lr.-l.,,ill grljAll l+iJlJ t+hll f$lt-l-t-S
-flj+ll #y e( %65) Jl ,!.:l-Jl ,t-)l g_r e ( %10) rri" rr+LU lsiJl a-\-.jll ,',-ll-r,

C-r,J (%70) i.!-r s.rU It ,.t-Yl6s: €,(%35 )tr# d''=rlj $i (L.L.) # 1-l 6 crl-,$l 3
. -il-!Jl i-r e (%35) Jl JJUI ,t )l g-r,J ( %18) ori (P.I. )r-r.lj+Jl

at Yl g_r.=+ (1.S) Jl-tl-!:ll C-r,t' (0.3S) .x.''--rl-r'.ii (A) ArJill4+lL.il ir^,Jlt{r
,',-rl-p t^+. jlll C"r,J (30 ) ,Jl i:tJl auYl g-r d (.1) oJi Sl # c.,--ll-u-r erl-Il

# c.,=-rl-f: -fl-hJl er^ .J (12.6 )Jl llglillr ,lriJl .u)l *+-r €, (2.49) rr# (S2) #
. -fl-hJl C-r ,s (13 )!tJ: rlrlJl el-Yl qf (0.41) rr+ (S3)

.jl-hJl C-r,J # JSI ciKJ ai)3ll 6uii)l ,.-*l ei, c,rJ.jl i.:l-ll et^)la.iilj^ ci-r+ll3

,9.t3,cdl ejg.ll -2-8

(BH 1) A;S,.dlC.r -1

# c.,--rr-u-r (28%-20)u (P.L)r (60%-45)u (L.L.)r (%60 -30).Ii o$ll4+r'-'-rl)
(s2) #-r (9.9-9.2 )d,r+ (S 1) # c,-_rl-u rii -tiij)l ea a-,,,1q ul ( 0.83-0.46)d*t irJill u" L3

. (7.06 -2.14)u (S3) ps-r (7.33-3.22)t-*
(BH2) ;sell 6!r. -2

# c.,=rljr (27%-19.5)rJ# (P.I.)r (%57-44)e (L.L.)-r (%60 -18)dr# O+Hla!'i "'-rl-.,li
(S2) 6s_r (17.4-8.75)(} (S1) ps,-.-llr rii aliij)l Cd ar.Jl+ Ll ( 1.3-0.32)Ori !-fll4+ll'3

. (4.32 -1.41 )dr# (S3) as- I (6.7-3)dr#

(BH 3) a;ct ir. -3
# c,-:l-r_r (%34-25)e (P.I.)r (%57-44),A (L.L.)r (%60 -15)dr# O+Hlar..,i'-'-ll-F

(s2) #r (19.9-8.7)0# (S1) #,"'-:l-! r6i tusi)l s a+$Jl+ 1-l ( 1.86-0.5l)cJJ+ q_J,lttut-s
. ( 1 I .3 - l 81 )dH (S3) as-r (1 1.78-7.33)dr#

(BH 4) !t+' tt io. -a

# c.,=_rl>'_r (%25-12)U (P.I.)-r (%56-35),A (L.L.)-r (%63 -15)cx Cr+Ulti,^.,j co3ly
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